This paper studies a multi-target localization method for distributed Multiple-input Multiple-output (MIMO) radar. We assume that the sets of time delays have already been estimated by a pre-processing algorithm. Based on the assumption, we propose a search pairing method based on ellipse model to locate the multi-target. Simulation results demonstrate that the proposed method effectively accomplishes multi-target localization with the distributed MIMO radar across scattering cross-section (RCS).
Introduction
As a new kind of radar system, MIMO radar has received much attention in recent years. MIMO radar can be classified into two categories according to the Antenna Placement. The first category is collocated MIMO radar with closely spaced antennas. The second is distributed MIMO radar with widely separated antennas both at the transmit side and the receive side. It takes advantage of angular diversity to restrain RCS [1] . It provides a better detection performance than traditional array radars [2] .
MIMO radar has recently been proposed for target localization. Target localization for collocated MIMO radar has been widely investigated [3] . For distributed MIMO radar, target localization has been implemented by either using direct or indirect form [4] . In the direct methods such as Maximum Likelihood (ML) method [5] , the collected observations from the receiving radars are processed simultaneously in order to estimate the localization. Niu et al. proposed the method of multi-target localization by constructing objective functions with high complexity [6] . Although the method is asymptotically optimum, it cannot provide a closed-form solution for estimation and needs multidimensional searching. In the indirect methods, the target localization can be calculated by using the time delays. Chen et al. proposed a mapping search pairing method [6] to locate multi-target. This method has the disadvantages of long-time searching and heavy computation.
In this paper, an efficient method for multi-target localization in distributed MIMO radar is proposed to reduce the search time and the computation complexity. We assume that the time delays are estimated by using a pre-processing algorithm. The simulation results present that the proposed method has better performances than the mapping search pairing method.
The paper is organized as follows. The system model is introduced in Section 2. A method for multi-target localization in distributed MIMO radar is given in Section 3. Simulation results are presented in Section 4. Finally, Section 5 provides conclusions for the paper.
Signal Model
In this paper, we investigate multi-target localization in a distributed MIMO radar system. For simplicity, Q targets are considered in a two-dimensional space. They are located at coordinates (x q , y q ), q = 1, 2, ..., Q. We consider the distributed MIMO radar system has M transmitting radars and N receiving radars. M transmitting radars are located at coordinates (x tk , y tk ), k = 1, 2, ..., M . N receiving radars are located at coordinates (x rl , y rl ), l = 1, 2, ..., N .
In this system, the signal transmitted from the k-th transmitting radar is
, where E denotes the total transmitted energy. Each of the waveforms s k (t) is normalized
The sum of the time delay between the k-th transmitting radar to the q-th target and the target to the l-th receiving radar can be written as
where c denotes the speed of the light.
The received signal at the l-th receiving radar can be written as
where ξ q kl denotes the q-th target reflectivity in the lk-th path; n l (t) denotes the noise at the l-th receiving radar and n l (t) is a zero-mean white complex Gaussian process; f q lk denotes the Doppler frequency of the q-th target in the lk-th path. The Doppler shift f q lk is given by
where λ denotes the carrier wavelength; (v
T denotes the velocity of the q-th target.
Multi-target Localization Method
In this section, we describe how multi-target is located by a search pairing method based on ellipse model in detail. The flowchart of the proposed algorithm is shown in Fig. 1 . Eq. (1) can be rewritten as elliptic equation:
where (x q lk , y q lk ) denotes the coordinate of the q-th target; (x tk , y tk ) denotes the coordinate of the k-th transmitting radar; (x rl , y rl ) denotes the coordinate of the l-th receiving radar. Eq. (4) shows that the q-th target is on the ellipse. The ellipse has (x tk , y tk ) at a focus and (x rl , y rl ) at another focus. cτ lk (q)/2 is the semi-major axis of the ellipse.
MN sets of time delays C 11 , C 12 , C 13 , ..., C M N are obtained by a pre-processing algorithm.
where i lk denotes the number of targets in the observation channel which is composed of the k-th transmitting radar and the l-th receiving radar. But for the reason of a fading for some targets in some channels, 0
The detailed algorithm is as follows:
Step 1 Find a set of parameters C mn which has the max number i mn .
Step 2 
Step 3 Change (
Considering the effect of the noise in the realistic environment, these ellipses of a target do not intersect at a same point, but intersect at some points which are at a local centre. 
If
) is assumed as the coordinate of the h-th target. S points will be obtained. Then (x h min , y h min ) is calculated as the centre of the search area of the h-th target.
Step 4 
., N ). Then substitute coordinates (x
) is assumed as the coordinate of the h-th target. P points will be obtained. Then (x h , y h ) is calculated as the coordinate of the h-th target.
And new sets of time delays are obtained by rejecting the D h = τ lk from the sets of time delays.
Step 5 Repeat Step 1 to 4 until the new sets of time delays become empty sets.
Simulation Results
Some numerical examples are presented to illustrate the multi-target localization method. There are three transmitting radars and two receiving radars in the distributed MIMO radar system. The three transmitting radars are located at (0, 9) km, (0, 0) km and (0, −9) km. And the two receiving radars are located at (4.5, 0) km and (−4.5, 0) km.
In the first example, there are seven targets in the two-dimensional space. The coordinates of the targets are shown in the third column of Table 2 . The second column is a list of estimation values of these targets. Considering the realistic environment, there is a deep fading characteristic in the M * N = 6 channels and SNR=10 dB. Table 1 lists the sets of time delays with deep fading in the channels. By using the proposed method, we can locate seven targets rather than six targets. Table 2 lists the results of multitarget localization. Although some targets cannot be detected in some channels, they can be detected in other channels. As shown in the tables, the proposed method effectively accomplishes multi-target localization with the distributed MIMO radar across RCS. We also investigate the performance of the proposed method with respect to SNR changes. In order to evaluate the performance of the proposed method, the Mean Square Error (MSE) of the target position estimation is used. The result of this simulation is shown in Fig. 2 . As expected, by increasing the SNR, the performance of the proposed method improves. However, when SNR=8, the improvement rate decreases sharply.
Next, we compare our search method (a search pairing method based on ellipse model) with the mapping search pairing method at search time in the same channel fading. In related simulations, three examples with different numbers of targets are considered. We select Q = 3 for the first case, Q = 5 for the second case and Q = 7 for the third case. And four examples with different numbers of transmitting radars and receiving radars are considered. We select M * N = 6 for the first case, M * N = 9 for the second case, M * N = 12 for the third case and M * N = 15 for the fourth case. As shown in Fig. 3 , the search time increases with the number of targets, transmitting radars and receiving radars. In Fig. 3 the solid lines represent the mapping search pairing method and the broken lines represent the proposed method.
The slope of the solid lines is greater than the slope of the broken lines. The beginning point of solid lines is higher than the beginning point of broken lines. Compared with the mapping search pairing method, the proposed method has shorter time in searching. Finally, for more indication of the localization accuracy of the proposed algorithm over the two-dimensional space, we examine the localization accuracy of the two methods. In order to evaluate the performance of the proposed method and the mapping search pairing method, MSE of the target position estimation is used.
M SE
Simulation results presented in Fig. 4 show that by increasing the SNR, the performance of the proposed method and the mapping search pairing method improves. However, in the same SNR, the MSE of the proposed method is less than the mapping search pairing method. In other words, the performance of the proposed method is better than the mapping search pairing method in the same SNR.
Conclusion
In this paper, we propose an efficient method for multi-target localization in distributed MIMO radar system. The proposed method relies on time delays, the localizations of transmitting radars and receiving radars. We take advantage of the physical model to reduce the search time. The experimental results show that the proposed method can effectively find all targets with distributed MIMO radar. And the experimental results show that the search time increases with the number of transmitting radars, receiving radars and targets. Comparisons are given to present that the proposed method outperforms the existing method at the search time and preforms better in the localization accuracy.
